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DNA Content and Chloroplast DNA Polymorphisms among Switchgrasses
from Remnant Midwestern Prairies
Sherry J. Hultquist, K. P. Vogel,* D. J. Lee, K. Arumuganathan, and S. Kaeppler
ABSTRACT
Panicum virgatum L. (switchgrass) is perennial grass that is native
to most of the USA. The principal use of switchgrass has been as a
pasture and range grass for forage production during the warmer
summer months. The objective of this research was to determine if
DNA content and chloroplast DNA (cpDNA) polymorphisms existed
among and within switchgrass accessions from Midwestern prairie
sites. Twenty-eight switchgrass accessions from remnant prairie sites
were surveyed in 1994 for the upland cytotype (U) or lowland (L)
cytotype in the cpDNA by means of restriction endonuclease BamHI
and sorghum cpDNA probe pLD 5. These accessions were also surveyed
in 1994 for DNA content differences ltow cytometry. One accession,
IA 31, contained a mixture of cytotypes indicating that both cytotypes
can occur at a single remnant prairie site. The other Midwestern
remnant prairies that were represented in this study contained only
the U cytotype. The flow cytometry results indicated that switchgrass
populations found within the Midwestern sites can be a mixture of
ploidy levels with either 3 (tetraploid) or 6 (octaploid) pg DNA per
cell. These results indicated that germplasm from Midwestern prairies
should be identified according to DNA content and cytotype before it
is utilized in developmental programs by plant breeders.
SWITCHGRASS is a warm-season, perennial grass thatis found throughout most of the USA and Canada,
east of the Rocky Mountains and south of the Hudson
Bay (Hitchcock, 1951). Its principal use to date has been
as a pasture and range grass for forage production during
the hot months of summer. It is primarily used in the
mid-latitude states or north of the area where bermu-
dagrass (Cynodon spp.) is adapted (Moser and Vogel,
1995). Switchgrass is also used for conservation plantings
because it has a tough root system that is effective in
soil stabilization (Eberhardt and Newell, 1959). Most
of the breeding and germplasm work on the species has
been done in the Great Plains states where switchgrass
has been used for several decades. Switchgrass’s increas-
ing use as a forage grass in the Midwest has led to
development of cultivars specifically adapted to that re-
gion. In addition, switchgrass has been identified as a
potential biomass fuel crop by the United States Depart-
ment of Energy (Vogel, 1996).
Two main ecotypes of switchgrass have evolved. Bar-
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nett and Carver (1967) reported that switchgrass plants
found in the lowland river bottoms (lowland ecotype)
of central Oklahoma were predominantly tetraploids and
that plants in the upland areas (upland ecotype) were
predominantly hexaploids and octoploids. Plants of the
upland ecotype are described as fine-stemmed, having
varying amounts of pubescence on the leaf blades, semi-
decumbent, and broad based, standing 92 to 152 cm in
height. Lowland plants are described as erect, coarse-
stemmed, glabrous, more robust, and found in bunches,
standing 61 to 305 cm in height (Newell and Eberhardt,
1961; Porter, 1966; Barnett and Carver, 1967). Barnett
and Carver (1967) and Brunken and Estes (1975) 
gested that the lowland and the upland types were geneti-
cally distinct populations.
The polyploid series of switchgrass in the midwestern
part of the USA can be tetraploid (2n = 36), hexaploid
(2n = 54), or octoploid (2n = 72) (Barnett and Carver,
1967; Riley and Vogel, 1982; Vogel et al., 1991;
Alderson and Sharp, 1994). Hultquist et al, (1996), using
flow cytometry, determined that available switchgrass
cultivars had either 3 or 6 pg DNA per nuclei. Mitotic
(root tips) and meiotic (pollen mother cells) cytogenetic
analyses combined with flow cytometry has demonstrated
that plants with 3 pg DNA per nucleus are tetraploids
while those with 5.2 to 6 pg are octaploids (Lu, 1995;
Hopkins et al., 1996).
A chloroplast DNA (cpDNA) polymorphism was dis-
covered among switchgrass cultivars that are representa-
tive of the genetic diversity in the species (Hultquist et
al., 1966). This polymorphism separated switchgrass
into U and L cytotypes, which were directly associated
with upland and lowland ecotype classification (Hultquist
et al., 1996). Switchgrass total DNA was digested with
restriction endonuclease BamHI and hybridized with the
sorghum cpDNA probe pLD 5 to reveal the polymor-
phism. The upland ecotypes displayed a 13-kilobase (kb)
band while the lowland ecotypes displayed a restriction
site change with the presence of an 8.6- and a 4.4-kb
band (Hultquist et al., 1996). Tetraploid cuitivars 
experimental strains with 3 pg DNA per nucleus had
either the U or L cytotype, but only the U cytotype was
found in the populations with 6 pg DNA per nucleus
(Hultquist et al., 1996).
The objective of this research was to determine if
differences existed among and within switchgrass acces-
sions from remnant Midwestern prairies for ploidy level,
as measured by nuclear DNA content and the two cyto-
types (U and L) determined by chloroplast DNA poly-
rnorphisms.
Abbreviations: DNA, deoxyribose nucleic acid; cpDNA, chloroplast
DNA; kb, kilobase; RFLP, restriction fragment length polymorphism;
U, upland cytotype; L, lowland cytotype.
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Fig. 1. Distribution of P. virgatum germplasm accessions collected from remnant Midwestern prairies.
MATERIALS AND METHODS
Plant Materials
Switchgrass seed was collected in 1989 from remnant prairie
sites (Fig. 1) across the Midwestern states (Vogel et al. 1992).
Each accession consisted of bulked seed collected at random
from plants at remnant prairie sites. This seed was wet chilled
for 3 wk at 4.5°C and planted during February 1990 into
plastic seedling tubes in the greenhouse. Seedlings of five
check populations and 41 accessions were transplanted near
Mead, NE, on 23 May 1990. The accessions were planted
into two adjacent nurseries. Accessions (23) for which sufficient
seedlings were available for multi-location evaluation were
transplanted into the nursery designated the "Multi-location"
trial. Seedlings of the remaining accessions (18) were planted
into the "Single-location" trial. The experimental design for
both trials was a randomized complete block design with two
replications (blocks). A plot consisted of a single row of 
plants spaced on 1.1-m centers that represented a collection
site or check strain. The agronomic evaluation of this germ-
plasm was conducted by Hopkins et al. (1995).
Twenty-eight germplasm accessions from these two nurser-
ies and two check populations in the same trials (Table 1)
were used in this research. An upland cultivar, Trailblazer,
and a lowland, tetraploid cultivar, Kanlow, were included as
checks. Young plant tissue from at least five plants in each
row was pooled together for the restriction fragment length
polymorphism (RFLP) study. Flow cytometry work was con-
ducted on five individual plants per row for each accession
(only one replicate was sampled). In fall 1995, each plant 
the nurseries was scored for ecotype classification (upland or
lowland phenotype) by the previously described criteria.
RFLP Procedures
In 1994, leaf tissue was collected, freeze-dried, and ground
in liquid nitrogen, silica sand, and a mortar and pestle. Total
DNA was extracted by a modified version of Saghai-Maroof
et al. (1984). Approximately 5 ~tg DNA was digested with
the restriction enzymes BamHI. The fragmented DNA was
resolved on a 8 g L-~ agarose gel by electrophoresis. The gel
was run overnight, approximately 17 h.
The digested and separated DNA was transferred onto Hy-
bond-N nylon membrane (Amersham Corp., Arlington
Heights, IL) by a neutral transfer Southern blotting method
(Reed and Mann, 1985). The DNA was hybridized to sorghum
[Sorghum bicolor (L.) Moench] chloroplast DNA probe pLD
5, obtained from D. Pring, USDA-ARS, Univ. of Florida
(Dang and Pring, 1986). Only the BamHI and the pLD 5
combination was used since Hultquist et al. (1996), determined
that this combination produced the only polymorphism among
switchgrass cultivars, which represented the geographic range
of switchgrass in the USA and reported ploidy levels and
ecotypes. This cpDNA probe was labeled using the Genius
Kit (Boehringer Mannheim Biochemicals, Indianapolis, IN)
method of non-radioactive labeling.
Flow Cytometry
Procedures described by Arumuganathan and Earle (1991)
were used to determine DNA content per cell. In brief, approxi-
mately 50 mg fresh leaf tissue was excised from five individual
plants for each accession and placed on ice in a sterile 35- by
10-mm plastic petri dish. The tissue was chopped into 0.25-
to 1.0-mm segments in 1 mL of solution A [24 mL MgSO4
buffer (ice-cold); 25 mg dithiothreitol; 500 ~L propidium
iodide stock (5.0 mg propidium iodide in 1.0 mL deionized
distilled H20); 625 gL Triton X-100 stock (1.0 g Triton X-100
in 10 mL ddH20)]. The homogenate was filtered through 
33-1xm nylon mesh into a micro-centrifuge tube and centrifuged
(Shelton Scientific, VS-15) at high speed (13 000 RPM) 
15 to 20 s. The supernatant was discarded, the pellet was
resuspended in 400 ~tL of solution B [7.5 mL solution A; 17.5
~1 RNAse (DNAse free)] and incubated for 15 min at 37°C
before flow cytometric analyses. The prepared material was
analyzed in the University of Nebraska Flow Cytometry Core
Research Facilities by Dr. K. Arumuganathan using the Coulter
EPICS V flow cytometer (Coulter Corp., Miami, FL). The
propidium iodide stained samples were excited with a Coherent
Innova 300-5 120-mW Argon ion laser (Coherent Innova, Palo
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Table 1. Switchgrass germplasm accessions from midwestern U.S. prairies, their origins, DNA content, and eytotype as determined by
chloroplast RFLP banding pattern.
DNA content
Accessions Origint Ecotype Mean SD;t Cytotype Bank kb
-- pg/cell --
IA25 Iowa Upland 3.46 0.36 U 13
IA26 Iowa Upland 3.10 0.06 U 13
5.94 0.00~
IA3! Iowa Both 3.16 0.06 U & L 13, 8.6 & 4.4
6.45 0.00~
IA34 Iowa Upland 3.04 0.00~/ U 13
6.17 0.27
IA37A Iowa Upland 3.12 0.06 U 13
6.14 0.04
IA41 Iowa Upland 3.10 0.05 U 13
6.13 0.00~:
IA48 Iowa Upland 3.17 0.19 U 13
5.85 0.00~
IA57 Iowa Upland 3.03 0.09 U 13
ILl Illinois Upland 2.87 0.06 U 13
IL3A Illinois Upland 3.09 0.05 U 13
IL60 Illinois Upland 2.99 0.04 U 13
KANLOW Oklahoma Lowland 3.35 0.04 L 8.6 & 4.4
MN3 Minnesota Upland 3.15 0.08 U 13
MN4 Minnesota Upland 3.34 0.46 U 13
6.20 0.06
MN30 Minnesota Upland 3.42 0.00 U 13
5.87 0.13
MO3 Missouri Upland 2.78 0.28 U 13
MO3EARLY Missouri Upland 3.07 0.28 U 13
5.73 0.00
MO5 Missouri Upland 5.69 0.11 U 13
MO6 Missouri Upland 3.03 0.07 U 13
MO13 Missouri Upland 3.04 0.17 U 13
MO14 Missouri Upland 3.19 0.28 U 13
MO16 Missouri Upland 3.02 0.04 U 13
5.75 0.00
MO18 Missouri Upland 2.98 0.05 U 13
6.32 0.00
MO19 Missouri Upland 3.03 0.00 U 13
6.47 0.20
NE4 Nebraska Upland 3.38 0.10 U 13
5.85 0.16
NE5A Nebraska Upland 3.47 0.10 U 13
6.36 0.47
NE6 Nebraska Upland 3.48 0.05 U 13
5.80 0.21
SD2 S. Dakota Upland 3.13 0.00 U 13
6.30 0.24
SD4 S. Dakota Upland 3.56 0.55 U 13
6.15 0.20
TRAILBLAZER Nebraska Upland 6.10 0.17 U 13
Hopkins et al., 1995.
SD of 0.00 indicates only one plant with this DNA level.
Alto, CA) at 488 nm. Red fluorescence was collected through
457- to 502-nm laser blocking filter and 590-nm long pass
absorbance filter. Flow cytometric analysis of integral peak
and log fluorescence and forward scatter was done as described
by Arumuganathan and Earle (1991). The mean DNA content
per plant cell was based on 1000 nuclei. The standard used
for comparison was ’Stark’ spring diploid barley (Hordeum
vulgare L.), the DNA content of which was known."
RESULTS AND DISCUSSION
The cpDNA polymorphism that had previously been
identified in switchgrass cultivars (Hultquist et al., 1996)
was also identified in one accession, IA 31 (Table 1).
IA 31 was collected from the Rochester Cemetery Prairie
that is a 4.5-ha pioneer cemetery site located near Tipton,
IA, (K.P. Vogel, 1989, collection notes). The polymor-
phism was detected by cleaving a 13-kb fragment into
two fragments of 8.6 and 4.4 kb. IA 31 showed a mixture
of both banding patterns. In subsequent field ecotype
evaluations, 19 plants of this accession were rated as
upland phenotypes and one was rated as a lowland pheno-
type. IA 31 was the only accession that had the 8.6- and
4.4-kb band fragments, while the other 27 accessions
from remnant prairies had the 13-kb band (Table 1). All
plants of the 27 accessions with the 13-kb band were
rated as having the upland phenotype.
Hultquist et al. (1996) classified the different banding
fragments into two cytotypes, the U and L. These desig-
nations were chosen since the cytotypes were consistent
with the upland and lowland ecotype classification. By
means of the cpDNA polymorphism as a classification
criterion, all but one accession from remnant Midwestern
prairies were U in cytotype (Table 1). This accession,
IA 31, contained a mixture of cytotypes indicating that
both cytotypes can occur at a single remnant prairie
site. However, most of the Midwestern remnant prairies
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apparently contained predominantly the U cytotype.
These results demonstrated that the U and L cytotype
classifications were consistent with field phenotype clas-
sification for ecotype.
Flow cytometry results indicated that the switchgrass
populations found within the Midwestern remnant prai-
ries can be a mixture of ploidy levels (Table 1). Many
of the remnant switchgrass prairie sites had plants with
either 3 or 6 pg DNA as components of their plant
community. Differences in DNA content, i.e., ploidy
level, were not readily discernable by means of morpho-
logical characteristics. The DNA content variation in
switchgrass is similar to the DNA content variation that
Keeler (1992) found in big bluestem (Andropogon ge-
rardii Vitman) prairie sites, where a fine-scale mixing
of the polyploid variants were found. These results dem-
onstrated the need for the breeder to check switchgrass
germplasm from remnant prairies for DNA content be-
fore using the germplasm in a breeding program.
If a lowland cultivar such as Kanlow and an upland
cultivar such as Trailblazer or Blackwell are included
in evaluation nurseries for comparison purposes, most
switchgrasses can be classified as to ecotype morphologi-
cally. However, some germplasm such as the cultivar
Cave-in-Rock may require cpDNA classification to deter-
mine cytotype since it is intermediate in phenotype and
has been classified as both an upland and lowland ecotype
(Moser and Vogel, 1995), and it has the U cytotype
(Hultquist et al., 1996). Cytotype classification is impor-
tant because to date, no successful crosses between low-
land and upland ecotypes or U and L cytotypes have
been reported.
No plants were found in these remnant prairie commu-
nities that showed an intermediate ploidy level. Plants
were found with approximately 3 pg DNA or with ap-
proximately 6 pg DNA, but no plants were found with
4.5 pg DNA. This may have been due to the small
sample sizes. However, the 3 pg and the 6 pg plants
may not produce viable or competitive offspring in the
prairie environment of the Midwestern states when in-
termated. Studies using larger population sizes and in-
termatings between the two ploidy levels will have to
be conducted to address this problem.
Chloroplast DNA is usually inherited maternally
(Palmer, 1987). If this is the case in switchgrass, a
monophyletic (originating from the same taxon) origin
exists for the U switchgrass accessions found in the
Midwestern remnant prairie sites. Within this cytotype,
two different ploidy levels were found as measured by
DNA content, indicating that these ploidy levels have
the same cpDNA origin. Since the octaploids have 2 x
the DNA content of the tetraploids and have the same
cpDNA origin, they may have arisen by a natural dou-
bling of chromosomes. Additional research will be re-
quired to confirm this supposition, however.
